Present study deals with stand structure, biomass, productivity and carbon sequestration in oak dominated forests mixed with other broad leaved tree species. ) in site-3. The biomass and primary productivity of tree species ranged from 481-569 t ha -1 and 16.9-20.9 t ha -1 yr -1, respectively. Of this, biomass and primary productivity of oak tree species accounted for 81 to 95 and 78 to 98%, respectively. Carbon stock and carbon sequestration ranged from 228 to 270 t ha -1 and 8.0 to 9.9 t ha , respectively. The share of oak tree species ranged from 81 to 94.7 and 79 to 97%, respectively. The diversity of tree species ranged from 0.03 to 0.16 in forest sites-1, 2 and 3. The diversity of oak species was 0.08-0.16 in all the forest sites. Thus it is concluded that among the oak tree species, Quercus floribunda and Quercus leucotrichophora were highly dominated in the studied forests. The climax form of oak dominated trees in the studied forest sites depicted slightly lower richness and diversity of tree species compared to the forests in the region and elsewhere. As far as dry matter and carbon of forests is concerned, these estimates are close to the earlier reports of forests in the region. Therefore, studied forests have the potential to increase the diversity, productivity and carbon sequestration of forest tree species by providing the adequate scientific conservation and management inputs.
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' N lat. and 79 0 28' E long at 1500-2150 m elevation. Tree density of forests ranged from 980-1100 ind.ha -1 . Of this, oak trees shared 69-97%. The ) in site-3. The biomass and primary productivity of tree species ranged from 481-569 t ha -1 and 16.9-20.9 t ha -1 yr -1, respectively. Of this, biomass and primary productivity of oak tree species accounted for 81 to 95 and 78 to 98%, respectively. Carbon stock and carbon sequestration ranged from 228 to 270 t ha -1 and 8.0 to 9.9 t ha , respectively. The share of oak tree species ranged from 81 to 94.7 and 79 to 97%, respectively. The diversity of tree species ranged from 0.03 to 0.16 in forest sites-1, 2 and 3. The diversity of oak species was 0.08-0.16 in all the forest sites. Thus it is concluded that among the oak tree species, Quercus floribunda and Quercus leucotrichophora were highly dominated in the studied forests. The climax form of oak dominated trees in the studied forest sites depicted slightly lower richness and diversity of tree species compared to the forests in the region and elsewhere. As far as dry matter and carbon of forests is concerned, these estimates are close to the earlier reports of forests in the region. Therefore, studied forests have the potential to increase the diversity, productivity and carbon sequestration of forest tree species by providing the adequate scientific conservation and management inputs.
Keywords: Vegetation Analysis, Biomass, Productivity, Carbon, Sequestration, Kumaun Himalaya.
intrODuCtiOn
Stand structure significantly determines the aspects of dry matter productivity and carbon potential of forest in each site. However, the productivity of forests not only depends on stand structure and composition of forest but also impacted by several other factors such as climate, soil condition, availability of moisture, and conservation and management practices. In this regard, forest vegetation of any climatic and edaphic condition varies with the variation in environment of the habitat. As far as the Himalayan forest vegetation is concerned, it ranges from tropical dry deciduous forests in foothills to temperate forest in the high altitude. In the region, Oak and Pine are the dominated forest tree species, which provide fuel, fodder, and other basic needs to the villagers. Forest is one of the main sources of livelihood of people living in the region. Thus the Himalayan moist temperate forest is one the major forest type that characterized by extensive cover of trees belonging to conifers and broad leaved oak and other species in the forests which extends from 1500 to 3000 m elevation in Central Himalaya. Among the broadleaved tree species, the three major oaks such as Quercus leucotrichophora A. Camus, Quercus floribunda Lindl. Quercus semecarpifolia Smith. and are found between 1600m and 2500m altitudes 1, 2 . According to Champion and Seth, oaks represent the climax vegetation which falls under sub-type 12/ C1a 3 . In forest, a large number of there are many other plant species but they vary from one forest to another forest and also changes significantly with in altitude and climate of the area. Thus species diversity is considered as a spatial form of textural diversity and treated both in structure and dynamics of the plant community 4 . The comparative analysis of species is based on species abundance models with associated diversity indices that provide valuable information of diversity in a forest community 5 . Status of biomass in the forests depicts the important ecological information especially in relation to dry matter storage and nutrients but every forest type has its own characteristics in the ecosystem. Biomass is a not only important from the standpoint of fundamental ecology but also relevant to planning for ecologically sustained development of the region 6 . Thus the estimation of biomass is prerequisite for determining the state and flux for understanding the dynamics of ecosystem 7, 8 . Most of the terrestrial carbon is stored in the tree trunk, branches, foliage and roots in the formed of the biomass in forest. Terrestrial vegetation and soil represent important sources and sinks of atmospheric carbon 9 . In nature, forest ecosystem act as a reservoir of carbon. They store huge quantities of carbon and regulate the carbon cycle by exchange of CO 2 from the atmosphere. Thus forest is one of the important carbon sinks of the terrestrial ecosystems. Plant uptakes the carbon dioxide by the process of photosynthesis and stores the carbon in the plant tissues. The forest play important role in the global carbon cycle by sequestering a substantial amount of carbon dioxide from the atmosphere. Carbon sequestration is a mechanism for the removal of carbon from the atmosphere by storing it in the biosphere. More photosynthesis means the more CO 2 is being converted into biomass, reducing carbon in the atmosphere and sequestering it in the plant tissues both in the aboveground and below ground 10 . The objectives of the study were to assess the tree density, diversity, biomass, productivity and carbon potential of forests in Nainital of Kumaun Himalaya.
MateriaLS anD MetHODS

Description of study site
The present studied forest sites were located in Tippintop the surrounding area of Nainital in between 29 0 58 ' N lat. and 79 0 28' E long and 1500 and 2150m elevation. Tree analysis was carried out at three forest sites i.e. site-1, 2 and 3. The assessment of tree species was done by using quadrat of 10 x10m size. Total 30 quadrats were randomly placed in each forest to analyse the tree vegetation. In each quadrat, tree species were measured at 1.37m (diameter at breast height) with the help of meter tape from ground level. Tree density, abundance, basal area and IVI of trees were estimated in each forest 11 . Species diversity of vegetation in each studied forest was calculated by using ShannonWeiner information index 12 . For the estimation of tree biomass, we used the allometric equation developed by Rawat and Singh for oak mixed forest 8 . The total biomass determine by summing up the respective component values of each tree species occurred in each site. The regression equation was used in the form y=a+b Inx, where y=dry weight of component (kg), x=GBH (cm), a=intercept, b= slope or regression coefficient and ln=log natural. The estimation of primary productivity, tree species was marked at breast height (1.37m) in each sample plot (the area 1 ha size) in each forest to assess diameter and height increment. The already of marked trees were re-measured for annual increment of diameter and height in each forest. The productivity of different tree components i.e. bole, branch, twig and leaf in aboveground part and stump root, lateral roots and fine roots in belowground part was assessed by using the regression equations. The net biomass accretion value (DB) for each component was estimated following the value of biomasses B 1 and B 2 . Carbon stock and carbon sequestration values were estimated as suggested by Magnussen and Reed based on biomass, productivity and factor to get the carbon values of respective component 13 . The total carbon was estimated by summing up of carbon value of each tree component.
reSuLtS tree composition
Total 8 tree species were present in forest site-1. ). Thus, the Q. floribunda is the most importance tree species in this forest community. The tree species diversity ranged from 0.112 to 0.525 in the studied forests (Table 1) .
Total 4 tree species were present in forest site-2. The density of trees was 1100 ind.ha ). Thus the Q. floribunda is the most importance tree species in this forest community. The tree species diversity ranged from 0.177 to 0.518 in the studied forests (Table 1) .
Total 4 tree species were present in forest site-3. The density of trees was 980 ind.ha -1 . Of this, Q. leucotrichophora (430 ind.ha ). Thus the Q. leucotrichophora is the most importance tree species in this forest community. The tree species diversity ranged from 0.247 to 0.0521 in the studied forests (Table 1) .
Biomass
The total forest biomass was 525.1 t ha -1 in forest site-1. Of this, Q. floribunda accounted for 44.2% followed by Q. semecarpifolia (25.6%) ( Table 2 ). Of the total biomass, bole, branches, twigs, leaves, and roots account for 41.8, 23.2, 10.3, 10.3 and 14.3%, respectively ( Table 2 ). Among the tree species, different components such as bole, branches, twigs, leaves and accounted for 34.9-65.7, 12.6-29.4, 4.6-11.9 and 3.1-17.1, respectively. The biomass of roots in different tree species shared 9.2-28.5, respectively ( Table 2 ). The total forest biomass was 481.0 t ha -1 in forest site-2. Of this, Q. floribunda contributed 54.2% followed by Q. semecarpifolia (28.2%) ( Table 2 ). Of the total biomass, bole, branches, twigs, leaves, and roots account for 38.8, 24.0, 11.0, 11.5 and 14.7%, respectively (Table 2) . Among the tree species, different components such as bole, branches, twigs and leaves accounted for 32.9-50.9, 20.9-30.3, 8.8-11.7 and 2.5-16.9, respectively. The biomass of roots in different tree species shared 7.5-17.6, respectively (Table 2) .Total forest tree biomass was 569.0 t ha -1 in the forest site-3. Of this, Q. leucotrichophora contributed (46.9%) followed by Q. floribunda (30.6%) ( Table  2) . Of the total biomass, bole, branches, twigs, leaves, and roots accounted for 43.3, 26.4, 10.5, (Table 3 ). Among the tree species, different components of trees, the primary productivity was in order: bole (45.7%)> branches (24.1%)> roots (including stump roots, lateral roots and fine roots) (11.4 %)>foliage (10.1 %)> twigs (9.2 %), respectively ( ) ( Table 3) . Among the different components of tree productivity was in order: bole (46%)> branches (26.5%)> roots (10.0%) >twigs (9.0%) >foliage (8.6%), respectively (Table 3) .
Carbon stock
Total carbon stock of tree species was 249.1 t ha -1 in forest site-1. Of this, Q. floribunda Note: * Roots component includes stump root (3-11.4%), lateral roots (1.2-9.3%) and fine roots (0.1-0.9%) in forest site-1, stump root (3.0-12.5%), lateral roots (1.0-2.9%) and fine roots (0.1-0.4%) in forest site-2, stump root (2.7-11.5%), lateral roots (1.1-3.2%) and fine roots (0.1-0.2%) forest site-3. 
Note: * Roots component includes stump root (3.8-20.6 %), lateral roots (1.3-6.7 %) and fine roots (0.1-1.2%) in forest site-1, stump root (3.2-14.8 %), lateral roots (1.3-3.9 %) and fine roots (0.1-0.3 %) in forest site-2, stump root (3.6-13.4 %), lateral roots (1.5-4.5 %) and fine roots (0.1-0.4 %) forest site-3.
contributed 44% followed by Q. semecarpifolia (25.5%) ( (Table  4) . Among the tree species, different components such as bole, branches, twigs, leaves accounted for 35.3-65.0, 12.7-29.0, 4.7-11.9 and 3.1-17.7%, respectively. The carbon stock of roots in different tree species shared 9.2-28.6, respectively (Table 4) . Total tree carbon stock was 228 t ha -1 in forest site-2. Of this, Q. floribunda contributed 54.2% followed by Q. semecarpifolia (28.3%). The component-wise carbon stock of different tree species is given in (Table 4) . Of the total carbon stock, bole, branches, twigs, leaves and roots accounted for 38.8, 24.0, 11.0, 11.5 and 14.7%, respectively (Table 4) . Among the tree species, different components such as bole, branches, twigs and leaves accounted for 32.9-50.9, (Table 4) . Total carbon stock of tree species was 270 t ha -1 in forest site-3. Of this, Q. leucotrichophora contributed 46.9% followed by Q. floribunda (30.6%) is given in (Table 4) . Of the total carbon stock, bole, branches, twigs, leaves and roots accounted for 43.3, 26.4, 10.5, 8.0 and 11.9%, respectively (Table 4) . Among the tree species, different components such as bole, branches, twigs and leaves accounted for 34.8-49.0, 21.0-29.7, 9.8-113 and 2.9-17.0, respectively. The carbon stock of roots in different tree species shared 8.5-15.8, respectively (Table 4) .
Carbon sequestration
Total carbon sequestration potential of tree species was 7.99 t ha -1 yr -1 in forest site- Among the different components of tree carbon sequestration was in order: bole (46.0 %)> branches (26.5%)> stump roots (9.9%)>twigs (9.0%) > foliage (8.6%) ( Table 5 ).
DiSCuSSiOn
Forest is one of the major natural resources of Himalaya. They play vital role in the development of the region. This study was carried out to assess the biomass, productivity and carbon sequestration potential of oak dominated broad-leaved forests of Nainital in Kumaun Himalaya. The Kumaun region accounted for 40.3 % forest cover, which fulfils the basic needs of fuel, fodder and small timber of the villagers obtained either from community forests (van panchayats) and or government managed forests. In the recent days, variation of climate has impacted the biodiversity, , growth and productivity of forests, therefore, the assessment of forests for productivity and carbon potential is very essential for current and future conservation and sustainable forest development point of view. The tree density 980-1100 ind ha -1 . (Fig.2 ). Detail comparative accounts of different oak forests on the aspects of biomass, productivity, and carbon stock and carbon sequestration is given in Table 6 .
Present findings of oak dominated forests are on higher side than earlier results of forests studied in the region, therefore, it is concluded that the studied forests were not affected much from nearby humans pressure and variation in climate. This is because of mainly two reasons: (i) these forests were judiciously cared and managed by foresters by using better conservation practices as well as implementation of strict rules and regulations and also (ii) adequate support and timely cooperation of community people residing in nearby areas.
reFerenCeS
